Introduction {#sec1-1}
============

Tracheal tube, either an endotracheal tube (ETT) or a tracheostomy tube (TT), is an essential device for controlling and protecting airway in the critical care unit (CCU). The use of tracheal tubes, however, is associated with complications such as unplanned extubation (UE) (both accidental and self-extubation \[SE\]), displacement, blockage (both ETT blockage and TT blockage), endobronchial intubation, kinking of tube, and leaking cuffs.\[[@ref1]\] The longer a tube stays *in situ*, greater is the chance of the airway accidents.\[[@ref2]\] These airway accidents can lead to life-threatening hypoventilation and hypoxia.

A few studies on UEs have shown an incidence ranging from 0.3% to 30%.\[[@ref1][@ref2][@ref3]\] Studies have also shown that a significant proportion of patients having UEs tolerated it well, often not requiring reintubation.\[[@ref4][@ref5]\] Most of these were associated with minimal or no morbidity.\[[@ref6]\] In the studies of late 1980s and early 1990s, SE has been reported to occur at the rate ranging between 8% and 16%.\[[@ref4][@ref7][@ref8][@ref9][@ref10][@ref11][@ref12]\] However, the rate dropped to around 3% in studies of the late 1990s, attributed to active in-service education and ongoing clinical monitoring program.\[[@ref13]\]

Indian studies on airway accidents in an Intensive Care Unit (ICU) or CCU are limited.\[[@ref1][@ref2][@ref14]\] Exhaustive search in PubMed with keywords namely "airway accidents," "unplanned extubations," and "blocked tubes" revealed no published studies from Eastern India. To address this lacunae in literature, we carried out a retrospective study of all tracheal tube related accidents over 3 years (January 2012--December 2014) in a 5-bedded CCU (medical and surgical) under the Department of Anaesthesiology, Pain and Critical Care Medicine of a Government Teaching Hospital of Eastern India to evaluate the incidence, type, and medical impact of such accidents.

Methods {#sec1-2}
=======

The records of all intubated and tracheostomized adult patients managed in the CCU between January 2012 and December 2014 were included.
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### Protocols of airway care {#sec3-1}

Polyvinyl chloride tubes with high volume-low pressure cuffs were used for endotracheal intubation. All ETTs were secured with an adhesive bandage applied to the lower chin and cheek along with a tie. All tracheostomies were inserted surgically into either a disc of trachea removed or a flap created. All TTs were secured with a tie around the neck. A tracheostomy was used after 10--20 days of endotracheal intubation or earlier if it was apparent that the patient was likely to require invasive ventilation for a long period. Heat and moisture exchanger-filters (HMEFs) were not available and heated humidifiers (HHs) were used for humidification.

All ventilated patients were kept adequately sedated with infusion of injection midazolam and fentanyl to maintain light sedation (Ramsay sedation scale 2--4 or Richmond agitation-sedation scale − 2--0). Sedation was stopped in the morning to assess neurological status or for spontaneous breathing trials as and when indicated. Weaning was done by recommended protocols.\[[@ref15]\] The conscious patients were not restrained but were repeatedly counseled not to touch the tubes. The drowsy, restless, and delirious patients had their hands gently tied down, which were released as soon as the sensorium improved. Pharmacologic (e.g., aerosolized inhalation therapies) and nonpharmacologic (e.g., chest physiotherapy) airway clearance therapies were applied as and when indicated.

### Staffing levels and supervision {#sec3-2}

The nurse to patient (with an ETT/TT) ratio varied from 1:2.5 during the morning to 1:5 during evening and night. The respiratory technician, present during the day, assisted the on-duty nurses and doctors in the care of tracheal tubes. The CCU was exclusively staffed by the residents of the Department of Anaesthesiology, Pain and Critical Care Medicine. A senior anesthesiologist was always available in the hospital for help if needed. Airway protocols were strictly followed and constantly reinforced. All accidents were immediately reported to the chief nurse and consultant-in-charge of the CCU.

### The tracheal tube accidents were categorized as follows {#sec3-3}

UEs: SE if the patient intentionally removed the tube or accidental extubation (AE) if caused during movement for any reasonBlocked tubes (blocked endotracheal tube \[BET\]; blocked TT \[BTT\]): Diagnosed if manual bag ventilation became difficult or mechanical ventilation showed high airway pressure or by noting that the lumen of the replaced tracheal tube was occluded requiring reintubationDisplacement of tracheal tube: If the tip was seen displaced above vocal cords on laryngoscopyEndobronchial intubations: Diagnosed on auscultation when the air entry was not equal bilaterallyKinked tubes: Diagnosed by direct visualization under laryngoscopyLeaking cuffs: Diagnosed if there was large tidal volume leak compromising effective ventilation.\[[@ref14]\]

### The severity of the airway accidents was graded as follows {#sec3-4}

Mild: Little or no physiological consequences; managed by resident doctor on dutyModerate: Cardiorespiratory decompensation; senior or experienced person required to manage the problemMajor: Near or actual cardiorespiratory arrest or Death.\[[@ref1]\]

All categorical data were expressed as proportions or percentages. Statistical analysis was performed using SPSS (version 20.0) (IBM Corporation, New York, USA). The categorical data analysis was done either by Fisher\'s Exact Test or Chi-square test as applicable. The numerical data were analyzed by unpaired *t*-test or ANOVA for normal distribution and by Mann--Whitney U-test or Kruskal--Wallis H-test if it was not distributed normally. The statistical significance implies *P* \< 0.05.

The Institutional Ethics Committee of the hospital approved the study.

Results {#sec1-3}
=======

In the 3-year period for which the data were analyzed, 233 patients were intubated and/or tracheostomized for a total of 1657 tube days (TDs). Eight out of 136 female patients and 11 out of 97 male patients suffered airway accidents; the prevalence between the groups was comparable (*P* = 0.133). The mean and median age of patients were 41.18 ± 20.745 years (mean ± standard deviation) and 36 (23, 59) (median \[interquartile range\]). Forty-four patients had tracheostomies, and all except one had an ETT placed before the surgical insertion of a tracheotomy tube. Therefore, a total of 232 patients had an ETT. TDs for patients with an ETT were 1077 and with a tracheostomy 580.

The year wise distribution of airway accidents showed that number of airway accidents per TD was comparable between the years \[[Table 1](#T1){ref-type="table"}\]. No patient had more than one airway accident and 10 out of the 15 blockages and all 4 UEs were in ETT group. There was no case of displacement, endobronchial intubation, kinking of tube, or leaking cuff.

###### 

Incidence of airway accidents; comparison of accident rates and severity by the type of tracheal tube; comparison of accident rates by referring departments

![](IJCCM-20-91-g001)

The incidence of accidents was similar between endotracheal intubation and tracheostomy (7.18% vs. 13.51%) (*P* = 0.198). However, the incidence was higher in the ETT group per TD compared to the tracheostomy group per TD (1.3% vs. 0.9%) (*P* = 0.001) \[[Table 1](#T1){ref-type="table"}\]. The incidence of accident was not affected by the departments from where the patients were referred (*P* = 0.483), but the type of accident had an association with the same (*P* = 0.036) \[[Table 1](#T1){ref-type="table"}\]. Three UEs occurred in obstetric patients, one in a medical patient, and none in surgical patients. Seven BETs were noted in medical patients, 3 in surgical patients, and none in obstetric patients. Three and two BTTs occurred in medical and obstetric patients, respectively; none occurred in surgical patients.
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### Factors associated with occurrence and severity of airway accidents {#sec3-5}

The severity (classified as mild, moderate, or major) of the accidents was higher in the ETT group compared to the tracheostomized group (*P* = 0.001) \[[Table 1](#T1){ref-type="table"}\]. There were no major accidents. All except one of the mild accidents were in tracheostomized patients. All except one of the moderate accidents were in the patients with ETT. The proportion of moderate outcomes was higher ETT blockage compared to tracheostomy blockage (90% vs. 20%) (*P* = 0.007).

The severity of accidents was affected by the type of accident \[[Table 2](#T2){ref-type="table"}\]. The accident rate according to the type of tube (ETT or tracheostomy) was unaffected by the shift (day or night) \[[Table 2](#T2){ref-type="table"}\]. The type of accidents was affected by the shifts \[[Table 2](#T2){ref-type="table"}\]. All UE occurred during day shifts, and all blockages occurred during night shifts.

###### 

Severity of airway accidents according to types and influence of shifts, duration of intubation/tracheostomy, and age on accident types

![](IJCCM-20-91-g002)

The type of accident was affected by whether it occurred during the first 7 days of intubation/tracheostomy or after that \[[Table 2](#T2){ref-type="table"}\]. Nine of the ten blockages, i.e., 90% occurred after 7^th^ day of intubation. All UE occurred within the first 7 days of intubation. The severity of the accidents was not affected by the department from where the patients were referred. There was no effect of age group on the incidence of accident (age ≥40 vs. \<40 \[*P* = 0.072\], ≥50 vs. \<50 \[*P* = 0.234\], ≥60 vs. \<60 \[*P* = 0.808\]) and on the severity of accident (age ≥ 40 vs. \<40 \[*P* = 0.345\], ≥50 vs. \<50 \[*P* = 0.211\], ≥60 vs. \<60 \[*P* = 0.709\]). In patients who had accidents, the proportion was higher at night compared to day in the younger age group (\<40 years 100% vs. ≥40 years 50% \[*P* = 0.008\] and \<50 years 100% vs. ≥50 years 42.85% \[*P* = 0.003\]). There was association between the type of accidents and age groups. Half of the blockages in ETT patients occurred in the older age group whereas all (100%) unexplained extubations occurred in younger patients \[[Table 2](#T2){ref-type="table"}\].

All ten blockages in the ETT group, three blockages in the TT group, and two UEs occurred in lightly sedated patients (Ramsay sedation scale 2--4 or Richmond agitation-sedation scale −2--0). Two TT blockages and two UEs occurred in awake patients. None of the patients were delirious on the day of airway accidents.

Discussion {#sec1-4}
==========

Most of the studies on airway accidents in the ICU focus either on UE of ETT or tracheostomy-related problems. There is only one study analyzing the epidemiological pattern of all airway accidents, which showed that SEs were the most common accidents, majority of which did not require reintubation.\[[@ref1]\] The study also showed that tracheostomy accidents were more common than ETT-related ones.

In contrast to previous studies,\[[@ref1][@ref7][@ref16]\] blocked tubes were the most common airway accidents in our study and a majority (93.33%) occurred after the 7^th^ day of intubation/tracheostomy. This can be attributed to our practice of exclusive usage of HHs and not HMEFs, for humidification. HMEFs could not be afforded due to economic constraints of the patients and lack of free supply by the institution. HMEFs have shown to provide efficient humidification with no occlusion of tracheal tubes for 48 h to 7 days without changing the filter.\[[@ref17][@ref18]\] A study showed that the rate of tracheal tube occlusion, when HMEFs are used, is lower than when HHs are used.\[[@ref19]\] All of these blockages occurred during night shifts which could be due to the lack of respiratory technician and lower nurse to patient ratio (1:5) during evening and night shifts. All UE (all of them being AEs) in our study occurred during the day shift while carrying out the routine morning care of the patients. Morning care for each intubated or tracheostomized patient was provided by two nurses and one ward assistant, the seniority and experience of whom were highly variable. None of the blockages were major; 33.33% of them were mild with little or no physiological consequences mostly managed by the resident "on-duty" doctor whereas 66.66% caused cardiorespiratory decompensation. All blockages and AEs required reintubation.

Recent literature, focused on the problem of UE (SE and AE), has suggested that the rate of SE decreased from 8% to 16%\[[@ref4][@ref7][@ref8][@ref9][@ref10][@ref11][@ref12]\] during the late 1980s and early 1990s to as much as 3%\[[@ref13]\] in the late 1990s due to better education of healthcare staff and more vigilant clinical monitoring.\[[@ref13]\] More recently, other studies demonstrated that the initiation of a continuous quality improvement program decreased the rate of SE from 2.6% per TD to 1.5% and finally to 1.2%.\[[@ref20]\] As compared to the study by Chatterjee *et al*.,\[[@ref2]\] the incidence of UE was low in our study (1.7%) and 4 per 1077 TDs (0.4%). The low UE rate per patient could be due to the fact that a large proportion of patients in our CCU were postoperative with less TDs. There were no SEs. A study with a similar heterogeneous population tended to have a low SE rate.\[[@ref20]\] However, less TDs cannot explain the low UE in the term of accidents per TD (4/1077). This can rather be due to the protocol for airway care where even drowsy patients were restrained slightly by tying the hands down so that the hands could be moved a bit but not sufficiently to reach the invasive devices.

In general, it is easier and simpler to maintain TT compared to ETT. The relative ease of percutaneous tracheostomies and apparent decrease of complications associated with this procedure is favoring a trend of early tracheostomies in CCU patients.\[[@ref21][@ref22]\] Tracheostomy-related accidents have been recorded to be between 6% and 66%.\[[@ref23][@ref24][@ref25][@ref26][@ref27][@ref28][@ref29][@ref30]\] The incidence of tracheostomy accidents in this study was 11.4% per patient and 0.9% per TD. All tracheostomies were surgical as neither was percutaneous tracheostomy sets affordable for our patients nor was they available free of cost.

Our study showed that the incidence of accidents was similar during endotracheal intubation and tracheostomy; however, unlike previous studies,\[[@ref1]\] the incidence of accidents in the ETT group per TD was higher in the tracheostomy group per TD (1.3% vs. 0.9%) (*P* = 0.001), and the outcome of the accidents was more favorable in the patients with tracheostomies compared to ETT. This might be due to the fact that all the tracheostomy-related accidents were blockages, which were attended promptly and managed efficiently by the anesthesia resident on duty.

There were no major accidents. This might be attributed to the fact that our CCU had exclusively anesthesia residents as on-duty doctors, who were competent enough to manage the airway complications promptly. Four out of five (80%) of the tracheostomy-related accidents were mild, whereas only 7.1% of endotracheal-related accidents were mild. The rest were moderate.

Our study was limited by the fact that the study population and accordingly the number of accidents were small, mainly due to the small number of beds in our CCU. The ventilated cardiac surgical and trauma patients are essentially admitted in the exclusive cardiac surgical and trauma ICUs of our institute, and the absence of these groups of patients has also reduced the number of ventilated patients in our general CCU thereby restricting the study population.

Conclusion {#sec1-5}
==========

This study showed that the most common accident was blocked tubes, all of which occurred during night shifts when staffing in terms of nurses and respiratory technicians were suboptimal. All UEs occurred in endotracheally intubated patients while patients were moved for the routine morning care. The presence of anesthesiology residents as on-duty doctors in the CCU and availability of senior anesthesiologist\' help as and when needed round the clock was probably responsible for successful management of all the airway accidents without any major complication.
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